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WHAT IS CLAIMED IS : 

1. A method of represeiVting biological pathways involved in 
the action of a drug in d cell type comprising: 
5 (a) providing a drub response of said drug in said cell 

type, said drug response Slaving been obtained by a method 
comprising measuring a pliirality of cellular constituents in 
a cell of said cell type a^ a plurality of levels of exposure 
to said drug; 

10 (b) representing a mcidel drug response as a combination 

of one or more biological piathway responses in said cell 
type, wherein a biological pathway response in said cell type 
is the product of a method Ipomprising measuring cellular 
constituents of said biological pathway in a cell of said 

15 cell type at a plurality of 1 levels of a perturbation to said 
biological pathway, and wheij-ein each of said one or more 
biological pathway responses;^ in said combination are subject 
to an independent scaling tyijams format ion ; and 

(c) determining best' sjcl ling transformations of said 

20 one or more biological pathwUyTesponses which minimize the 
value of an objective funotibn of the difference between said 
provided drug response and s^id model drug response, 

whereby said combinatioi| of said one or more biological 
pathway responses subject to jsaid best scaling 

25 transformations represents the biological pathways involved 



in the action of said drug in 



said cell type. 



2. The method of claim 1 whferein said determining step (c) 
further comprises determining! an actual minimized value of 

30 said objective function, said| actual minimized value of said 
objective function being the xkinimized value of said 
objective function determined Ifrom said provided drug 
response and said model drug riesponse, and wherein said 
method further comprises, afte^ said determining step (c) , 

35 steps of assessing the statistical significance of said best 
scaling transformations of saic^ one or more biological 
pathways by a method comprising: 
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(d) obtaining an expected probability distribution of 
said minimized values of said V^bjective function; and 

(e) assessing the statistical significance of said 
actual minimized value of said | obj ective function in view of 

5 said expected probability disti^ibut ion of minimum values of 



said objective function. 



3. The method of claim 2 wherein said step of obtaining 
said expected probability distribution of minimum values of 
10 said objective function comprises the steps of: 

(i) randomizing said drug! response with respect to said 
plurality of levels of drug ex|?4>teure and randomizing said 
model drug response by random:^z {.rtg said one or more 
biological pathway responses jt^i^lfiX respect to said plurality 

15 of levels of perturbation to fe^r|d one or more biological 
pathways ; 

(ii) determining a theore1:ical minimum value of said 
objective function by finding bost scaling transformations of 
said one or more randomized biological pathway responses 

20 which minimize said objective function of the difference 
between said randomized drug response and said randomized 
model drug response; and 

(iii) repeating steps (i) 
plurality of theoretical minimi:^m values, said plurality of 

25 minimum values forming said expjected probability distribution 
of minimized values. I 



and (ii) to determine a 



4. The method of claim 1 further comprising, after said 

step of determining, a step of I verifying that said one or 
30 more biological pathways are biological pathways actually 

involved in the action of said drug in said cell type by a 

method comprising: 

(d) providing combined drug-perturbation responses in 

said cell type by a method comprising measuring a plurality 
35 of cellular constituents in a pell of said cell type exposed 

simultaneously to one or more , levels of said exposure to said 
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drug and to one or more levels of perturbations in said one 
or more biological pathways; and \ 

(e) selecting which of the jfollowing model responses 
behaves most similarly to said cojmbined drug-perturbation 
5 responses ; 

(i) a first model response comprising said 
combination of said one or more biological pathway responses 
subject to said best scaling transformations evaluated at one 
or more first sums, each said firjst sum being the sum of one 

10 of said one or more levels of drUg exposure subject to said 
scaling transformations and one of said one or more levels of 
perturbations to said biological pathways, 

(ii) a second model response comprising said one or 
more second sums, each said secc^cjj sum being the sum of said 

15 drug response evaluated at one /oi' [said one or more levels of 
drug exposure and said combin^ti<:nv^<^f said one or more 
biological pathway responses ^oit^ect to said best scaling 
transformations evaluated at one of said one or more levels 
of perturbations to said biologi<+:al pathways, 

2 0 whereby said one or more biological pathways are 

verified as biological pathways actually involved in the 
action of said drug in said cell (type if said first model 
response is selected. I 



25 5. The method of claim 1 further comprising, after said 
step of determining, a step of assigning a cellular 
constituent present in said drug response to the one of said 
one or more biological pathways In which said biological 
pathway response of said cellular constituent subject to its 

30 best scaling transformation has jthe greatest correlation with 
said drug response of said cellular constituent. 

6. The method of claim 1 wherain said scaling 
transformations comprise transforming said levels of drug 
35 exposure to corresponding level^ of said perturbations to 
said biological pathways. 
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7. The method of claim 6 wherein 
linear mapping. 



siaid transforming is by a 



8. The method of claim 1 wherein pealing transformations 

5 are parameterized by sets of parame-^ers. 

I 

9. The method of claim 8 wherein 4aid objective function is 



minimized by selecting best sets of 
scaling transformations . 



10 



parameters for said 



10. The method of claim 1 wherein jsaid objective function 

I 

comprises a sum of the squares of differences of said drug 
response at said levels of exposur^ to said drug and said 
model drug response at said levels ' of exposure to said drug 
15 which are further subject to said pealing transformation. 

11. The method of claim 1 whereirj said objective function 
comprises the negative of the co^:i(elat ion of said drug 
response and said model drug re^pcj>jpse. 



20 



25 



12. The method of claim 1 whe said biological pathway 
responses are provided at levels ^f said perturbation to said 
biological pathways by a method cf^mprising interpolating said 
measured values. 

i 

13. The method of claim 12 wher^ said interpolating 
comprises approximation by a sum|of spline functions. 



14. The method of claim 12 wherje said interpolating 
3 0 comprises approximation by a Hiljl function. 

15. The method of claim 1 wherein said one or more 
biological pathways in said cei:|( type are chosen as being 
those biological pathways likel^ to be involved in the action 

3 5 of said drug in said cell type. 
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16. The method of claim 1 wherein s^id one or more 
biological pathways are chosen from ^ compendium of 
biological pathways present in said cell type. 

5 17. The method of claim 1 wherein ^aid cell type is 
substantially isogeneic to Saccharc^myces cerevislae . 

18. The method of claim 1 whereim' said cellular constituents 
comprise abundances of a pluralit^ of RNA species present in 

10 said cell type. 

19. The method of claim 18 whertein the abundances of said 
plurality of RNA species are measured by a method comprising 
contacting a gene transcript ar^ray with RNA from a cell of 

15 said cell type, or with cDNA /djjsrived therefrom, wherein a 
gene transcript array compr^s^!5 a surface with attached 
nucleic acids or nucleic aqid^'jnimics , said nucleic acids or 
nucleic acid mimics capableN^ hybridizing with said 
plurality of RNA species, or /with cDNA derived therefrom. 

20 / 

20. The method of claim 19/ wherein said measuring cellular 
constituents in step (a) i^ performed by a method comprising 
contacting one or more gen^ transcript arrays (i) with RNA, 
or with cDNA derived therefrom, from said cell of said cell 

25 type that is exposed to s^id drug, and (ii) with RNA, or with 
cDNA derived therefrom, ^rom said cell of said cell type that 
is not exposed to said <^rug, and 

wherein said measuring cellular constituents in step (b) 
is performed by a meth(^d comprising contacting one or more 

30 gene transcript arrays/ (i) with RNA, or with cDNA derived 
therefrom, from said y^ell of said cell type that is exposed 
to said perturbation^ to said one or more biological 
pathways, and (ii) w|th RNA, or with cDNA derived therefrom, 
from said cell of s^id cell type that is not exposed to said 

35 perturbations. / 
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21. The method of claim 1 wherein sajid cellular constituents 
comprise abundances of a plurality of/ protein species present 

in said cell type. / 

/ 

5 22. The method of claim 21 wherein /the abundances of said 
plurality of protein species are measured by a method 
comprising contacting an antibody a/rray with proteins from a 
cell of said cell type, wherein said antibody array comprises 
a surface with attached antibodies/, said antibodies capable 
10 of binding with said plurality of /protein species. 



23. The method of claim 21 wherein the abundances of said 
plurality of protein species are^ measured by a method 
comprising performing two-dimensional electrophoresis of 

15 proteins from a cell of said cell type. 

/ 

24. The method of claim 1 wheirein said cellular constituents 
comprise activities of a plu/l^jity of protein species present 
in said cell type. / 

" U ■ 

25. The method of claim 1 wherein said one or more 
biological pathways in said ^^cell type comprise biological 
pathways originating at one/ or more specific cellular 
constituents, and wherein ^aid perturbations to said 

25 biological pathways are performed by a method comprising 
modifying said one or mor^ specific cellular constituents. 

/ 

26. The method of claim/25 wherein said one or more specific 
cellular constituents ar/e modified by a method comprising 

30 causing expression of s^id one or more specific cellular 

constituents under they'control of a controllable expression 



system. 



27. The method of cl^4im 25 wherein said one or more specific 
35 cellular constituent/ are modified by a method comprising 
controllable transf^ction of genes expressing said one or 
more specific celli^lar constituents. 

/ 
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hin said method of 



28. The method of claim 25 wherein ^aid one or more specific 
cellular constituents are modified a method comprising 
control lably decreasing abundances off RNA species encoding 
said one or more specific cellular (Constituents in a cell of 

5 said cell type. / 

/ 

/ 

29. The method of claim 28 wherei^ said method of 
controllably decreasing said abundances of RNA species 
comprises exposing a cell of said/ cell type to ribozymes 

10 targeted to cleave said RNA spec:jtes. 

/ 
/ 

30. The method of claim 2 5 wherein said one or more specific 
cellular constituents are modif/ied by a method comprising 
controllably decreasing the ral^e of translation of RNA 

i 

15 species encoding said one or m^re specific cellular 

constituents in a cell of sai^ ^cell type. 

/ i 
/ I 

31. The method of claim 3g/ 

controllably decreasing the^ate of translation of RNA 
20 species comprises exposing aj cell of said cell type to 

antisense nucleic acids or dlntisense nucleic acid mimics that 
hybridize to said RNA speci/es or to DNA encoding said RNA 
species. / 

/ 

25 32. The method of claim 2f5 wherein said one or more specific 
cellular constituents are/ abundances of protein species or 
activities of protein spe('cies, and wherein said one or more 
specific cellular constituents are modified by a method 
comprising controllably ^/decreasing said abundances in a cell 

30 of said cell type. / 

! 

33. The method of claim 32 wherein said method of 
controllably decreasir^ said abundances comprises causing 
expression in a cell ^f said cell type of said one or more 
35 protein species as fi/sion proteins comprising said protein 
species and a degron^l wherein said degron is controllable to 
increase the rate o^ degradation of said protein species. 
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34. The method of claim 32 wherein ^aid method of 
controllably decreasing said abundances comprises exposing a 
cell of said cell type to antibodie^, wherein said antibodies 
bind said protein species. / 

5 / 

35. The method of claim 25 wherei/'n said one or more specific 

cellular constituents are activities of protein species, and 
wherein said one or more specif icj/ cellular constituents are 
modified by a method comprising Controllably decreasing said 
10 activities in a cell of said ceXl type. 

36. The method of claim 3 5 wherein said method of 
controllably decreasing said activities comprises exposing a 
cell of said cell type to dru^s which directly and 

15 specifically inhibit said acj^vities of said protein species. 

37. The method of claim 35 ^yKefein said method of 
controllably decreasing sai3 activities comprises exposing a 
cell of said cell type to d,bminant negative mutant protein 

2 0 species, wherein said domiylant negative mutant protein 
species are proteins inhib/iting said activities. 

38. A method of determining a more pathway-specific drug 
candidate from an initial drug candidate comprising: 

25 (a) representing ttye biological pathways involved in the 

action of an initial drvig candidate by the method of claim 1; 

(b) modifying the /structure of said initial drug 
candidate; 

(c) representing ;the biological pathways involved in the 
30 action of said modified initial drug candidate by the method 

of claim 1; and / 

(d) determining /that said modified initial drug 
candidate is a more pathway-specific drug candidate than said 
initial drug candidatte if said modified initial drug 

35 candidate has fewer;/ biological pathways involved in its 
action than said initial drug candidate. 
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39. A method of identifying one or rtore specific biological 
pathways that are involved in the action of a drug and that 
mediate side-effects of the drug, sa/id method comprising: 

(a) carrying out the method of /claim 1 for a first drug; 
5 (b) carrying out the method of claim 1 for a second 

drug, wherein the first and the setond drug are different and 
exhibit therapeutic efficacy for the same disease or 
disorder; and 

(c) identifying those specific biological pathways 
10 involved in the action of said first drug that are different 
from those biological pathways involved in the action of said 
second drug, thereby identifying one or more specific 
biological pathways that are irivolved in the action of said 
first drug and that mediate s^e-effects of said first drug. 



40. A method of identif yin^^^rie or more specific biological 
pathways that are involved iri mediating therapeutic efficacy 
for a disease or disorder, skid method comprising: 

(a) carrying out the method of claim 1 for a first drug; 
20 (b) carrying out the r/ethod of claim 1 for a second 

drug, wherein the first and the second drug are different and 
exhibit therapeutic efficAcy for the same disease or 
disorder; and / 

(c) identifying tho^e specific biological pathways 
25 involved in the action 6t both said first drug and said 
second drug, thereby identifying one or more specific 
biological pathways thit are involved in the action of said 
first drug and that mediate therapeutic efficacy for said 
disease or disorder. ^ 

30 

'f\~J 41. A computer system for representing biological pathways 
/ involved in the action of a drug /in a cell type comprising a 
/ processor and a memory coupled t^ said processor, said memory 
encoding one or more programs, ^aid one or more programs 
35 causing said processor to perform a method comprising the 
steps of : 

/ 
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(a) receiving a drug response of sa/d drug in said cell 
type, said drug response comprising measurements of a 
plurality of cellular constituents in a dell of said cell 
type at a plurality of levels of drug exposure; 
5 (b) receiving one or more biolog:^cal pathway responses, 

each of said one or more biological pathway responses 
comprising measurements of cellular c/6nstituents of said 
biological pathway in a cell of said/cell type at a plurality 
of levels of a perturbation to said/biological pathway; 
10 (c) forming a model drug response as a combination of 

said one or more biological pathway, wherein each of said one 
or more biological pathway respofises in said combination is 
subject to an independent scalijrig transformation; 

(d) determining the valu^ of an objective function of 
15 the difference between said d^ug response and said model drug 

response; and 

(e) minimizing said determined value of said objective 
function by varying the scaling transformations of said one 
or more biological pathwa,y responses to obtain best scaling 

20 transformations that miryimize said determined value of said 
objective function; / 

whereby said coml^nation of said one or more biological 
pathways responses sytject to said best scaling 
transformations represents the biological pathways involved 

25 in the action of s^id drug in said cell type. 

\^ " 42. The computer system of claim 41 where said steps of 

receiving comprise making said drug response measurements and 
said biological pathway response measurements available in 
30 said memory. ^ 

43. The computer system of claim 41 wherein said forming a 
model drug response comprises adding said one or more 
biological pathway responses. 

35 

^^rv-, > 44. The computer system of claim 41 wherein said objective 
^ function comprises a sum of squares of the differences of 
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said drug response and said model drug response at said 
levels of drug exppsure , said model drug response being 
provided at said levels of drug exposure by transforming by 
said scaling transformations said levels of drug exposure to 
5 corresponding levels of perturbations to each of said 
biological pathways and by interpolating said biological 
pathway responses Xo said corresponding levels of 
perturbations. 

10 45. The computer system of claim 41 wherein said minimizing 
comprises performing the Levenberg-Marquandt method. 

46. A method of measuring the similarity of the effects of 
two drugs on\a cell type comprising: 

15 (a) providing a first drug response of a first drug in 

said cell type\ said drug response having been obtained by a 
method comprisirtg measuring a plurality of cellular 
constituents in a\ cell of said cell type at a plurality of 
levels of exposures to said first drug ; 

20 (b) providing^ a second drug response for a second drug 

of interest in a cel\l typej sa^d second drug response having 
been obtained by a method comprising measuring a plurality of 
cellular constituents Vn a cell of said cell type at a 
plurality of levels of Xe^^posure to said second drug; and 

25 (c) determining thi^;;^b^t scaling transformation of said 

biological pathway re^pohfee which minimizes the value of an 
objective function of the Wfference between said drug 
response and said model druor response, 

whereby said minimized \alue of said objective function 

30 provides a measure of similarity of the effects of said first 
and second drugs in said cell type. 

47. A method of representing bid^ogical pathways involved in 
the effect of an environmental cha^ige upon a cell type 

3 5 comprising: \ 

(a) providing an environmentalX response to said 
environmental change upon said cell tVpe , said environmental 
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response having been obtained by a method comprising 
measuring a plurality of cellular constituents in a cell of 
said cell type at a plurality \tf degrees of severity of said 
environmental change; \ 
5 (b) representing a model 'environmental response as a 

combination of one or more biological pathway responses in 
said cell type, wherein a biological pathway response in said 
cell type is the product of a method comprising measuring 
cellular constituents of said b/^ibgical pathway in a cell of 

10 said cell type at a plurality pf '^k^we^ of a perturbation to 
said biological pathway, and v^er^in each of said one or more 
biological pathway responses irT sa\id combination are subject 
to an independent scaling transf oriaation ; and 

(c) determining best scaling transformations of said 

15 one or more biological pathway resp^^nses which minimize the 
value of an objective function of the difference between said 
environmental response and said mode^ environmental response, 

whereby said combination of said one or more biological 
pathway responses subject to said bes\: scaling 

2 0 transformations represents the biological pathways involved 
in the effect of said environmental change upon said cell 
type . ^ 



25 



30 



35 
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